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The invention relates to a substantially pure thermostable DNA
polymerase from Tkermotoga neapolitana (The) and mutants thereof.

The Tne DNA polymerase has a molecular weight of about 100
kilodaltons and is more thermostable than Taq DNA polymerase.
The mutant Tne DNA polymerase has at least one mutation selected

from the group consisting of (1) a first mutation that substantially

reduces or eliminates 3* 5* exonuclease activity of said DNA
polymerase; (2) a second mutation that substantially reduces or
eliminates 5* 3' exonuclease activity of said DNA polymerase;

(3) a third mutation in the O helix of said DNA polymerase
resulting in said DNA polymerase becoming non-discriminating

against dideoxynucleotides. The present invention also relates to

the cloning and expression of the wild type or mutant Tne DNA
polymerase in E. coli, to DNA molecules containing the cloned
gene, and to host cells which express said genes. The Tne DNA
polymerase of the invention may be used in well-known DNA
sequencing and amplification reactions.
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CLONED DNA POLYMERASES FROM THERMOTOGA
NEAPOLITANA AND MUTANTS THEREOF

10 Background ofthe Invention

Field ofthe Invention

The present invention relates to a substantially pure thermostableDNA
polymerase. Specifically, the DNA polymerase of the present invention is a

Thermotoga neapoliianaDNA polymerase having a molecular weight ofabout

15 100 kilodaltons. The present invention also relates to the cloning and expression

ofthe Thermotoga neapotitanaDNA polymerase in£ coli, to DNA molecules

containing the cloned gene, and to hosts which express said genes. The DNA
polymerase of the present invention may be used in DNA sequencing and

amplification reactions.

20 invention also relates to mutants of the Thermotoga neapotitana

(Tne) DNA polymerase, having substantially reduced 3 '-5 ' exonuclease activity;

mutants of Thermotoga neapolitcma containing a Phe*
7
^Tyi*7

(as numbered in

Fig. 5) mutation resulting in the ability of the mutant DNA polymerase to

incorporate dideoxynudeotides into a DNA molecule about as efficiently as

deoxynucleotides; and mutants having substantially reduced 5 '^3' exonuclease

activity. The Tne mutants of this invention can have one or more of these

properties. These Tne DNA polymerase mutants may also be used in DNA
sequencing and amplification reactions.

25
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DNA polymerases synthesize the formation ofDNA molecules which are

complementary to aDNA template. Upon hybridization of a primer to the single-

stranded DNA template, polymerases synthesize DNA in the 5
' to 3

' direction,

5 successively adding nucleotides to the 3 '-hydroxyl group of the growing strand.

Thus, in the presence ofdeoxyribonucleoside triphosphates (dNTPs) and a primer,

a newDNA molecule, complementary to the single stranded DNA template, can

be synthesized.

A number of DNA polymerases have been isolated from mesophilic

10 microorganisms such as E. coli. A number ofthese mesophilic DNA polymerases

have also been cloned. Lin et al cloned and expressed T4 DNA polymerase in

£. coli (Proc. Natl Acad ScL USA $4:7000-7004 (1987)). Tabor et al (U.S.

Patent No. 4,795,699) describes a cloned T7 DNA polymerase, while Minkley et

al (J. Biol Chem. 259:10386-10392 (1984)) and Chatterjee (U.S. Patent No.

15 5,047,342) described K coli DNA polymerase I and the cloning of T5 DNA

polymerase, respectively.

Although DNA polymerases from thennophiles are known, relatively little

investigation has been done to isolate and even clone these enzymes. Chien et al,

1 Bacteriol 727:1550-1557 (1976) describe a purification scheme for obtaining

20 a polymerase from Thermus aquaticus (Taq). The resulting protein had a

molecular weight of about 63,000 daltons by gel filtration analysis and 68,000

daltons by sucrose gradient centrifugation. Kaledin et al, Biokhymiya 45:644-5

1

(1980) disclosed a purification procedure for isolating DNA polymerase from

71 aquaticus YT1 strain. The purified enzyme was reported to be a 62,000 dalton

25 monomelic protein. Gelfand et al (U.S. Patent No. 4,889,818) cloned a gene

encoding a thermostable DNA polymerase from Thermus aquaticus. The

molecular weight ofthis protein was found to be about 86,000 to 90,000 daltons.

Simpson et al purified and partially characterized a thermostable DNA

polymerase from a Thermotoga species (Biochem. Cell Biol 56:1292-1296

30 (1990)). The purified DNA polymerase isolated by Simpson et al exhibited a
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molecular weight of 85,000 daltons as determined by SDS-polyacrylamide gel

electrophoresis and size-exclusion chromatography. The enzyme exhibited half-

lives of3 minutes at 95°C and 60 minutes at 50°C in the absence of substrate and

its pH optimum was in the range ofpH 7.5 to 8.0. Triton X-100 appeared to

5 enhance the thermostability of this enzyme. The strain used to obtain the

thermostable DNA polymerase described by Simpson et al was Thermotoga

species strain FjSS3-B.l (Hussar et al, FEMSMicrobiology Letters 37:121-127

(1986)). OtherDNA polymerases have been isolated from thermophilic bacteria

including Bacillus steraothermophilus (Stenesh et al., Biochim. Biophys. Acta

10 272:156-166 (1972); and Kaboev et al., J. Bacteriol. 145:21-26 (1981)) and

several archaebacterial species (Rossi etal, System. Appl. Microbiol. 7:337-341

(1986); Klimczak et al., Biochemistry 25:4850-4855 (1986); and Elie et al., Eur.

J. Biochem. 178:619-626 (1989)). The most extensively purified archaebacterial

DNA polymerase had a reported half-life of 15 minutes at 87°C (Elie et al.

15 (1989), supra). Innis et al, In PCR Protocol: A Guide To Methods and

Amplification, Academic Press, Inc., San Diego (1990) noted that there are

several extreme thermophilic eubacteria and archaebacteria that are capable of

growth at very high temperatures (Bergquist et al, Biotech. Genet. Eng. Rev.

5:199-244 (1987); and Kelly et al, Biotechnol Prog. 4:47-62 (1988)) and

20 suggested that these organisms may contain very thermostableDNA polymerases.

In many of the known polymerases, the 5 '-3' exonuclease activity is

present in the N-terminal region ofthe porymerase. (Ollis, et al., Nature 313:762-

766 (1985); Freemont etal, Proteins 1:66-73 (1986); Joyce, Cur. Opin. Struct.

Biol 7:123-129 (1991).) There are some conserved amino acids that are thought

25 to be responsible for the 5'-3' exonuclease activity. (Gutman & Olinton, Nucl.

Acids Res. 2/:4406-4407 (1993).) These amino acids include Tyr
22

, Gly
lw

,
Gly"7

,

and Gly"2 in E coli polymerase L Any mutation of these amino acids would

reduce 5'-to-3' exonuclease activity. It is known that the 5'-exonuclease domain

is dispensable. The best known example is the Klenow fragment of£ coli

JO polymerase I. The Klenow fragment is a natural proteolytic fragment devoid of
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S'-exonuclease activity (Joyce et. al, J. Biol Chem. 257.1958-64 (1990).)

Polymerases lacking this activity are useful for DNA sequencing.

Most DNA polymerases also contain a 3'-5' exonuclease activity. This

exonuclease activity provides a proofreading ability to theDNA polymerase. A

T5 DNA polymerase that lacks 3'-5' exonuclease activity is disclosed in U.S.

Patent No. 5,270,179. Polymerases lacking this activity are useful for DNA

sequencing.

The polymerase active site, including the dNTP binding domain is usually

present at the carboxyl terminal region of the polymerase (OHis et al. Nature

373:762-766 (1985); Freemont et al. Proteins 7:66-73 (1986)). It has been

shown that Phe
762 ofE. coli polymerase I is one ofthe amino acids that directly

interacts with the nucleotides (Joyce & Steitz, Ann. Rev. Biochem. 63:777-822

(1994); Astatke, J. Biol. Chem. 270:1945-54 (1995)). Converting this amino acid

to a Tyr results in a mutant DNA polymerase that does not discriminate against

dideoxynudeotides and is highly processive. See copending U.S. Application No.

08/525,087, ofDeb K. Chatterjee, filed September 8, 1995, entitled "Mutant DNA

Polymerases and the Use Thereof," which is expressly incorporated herein by

reference.

Thus, there exists a need in the art to develop thermostable processive

DNA polymerases. There also exists a need in the art to obtain wild type or

mutantDNA polymerases that are devoid of exonuclease activities and are non-

discriminating against dideoxynudeotides.

10

15

20

25

Summary ofthe Invention

The present invention satisfies these needs in the art by providing

additional DNA polymerases useful in molecular biology. Spedfically, this

invention includes a thermostable DNA polymerase having a molecular weight of

about 100 kilodaltons. More specifically, the DNA polymerase ofthe invention

is isolated from Thermotoga neapolitana (Tne). The Thermotoga spedes

preferred for isolating theDNA polymerase ofthe present invention was isolated
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10

from an African continental solfctaric spring (Windberger et at.. Arch. Microbiol.

151. 506-512,(1989)).

The Tne DNA polymerase of the present invention is extremely

thermostable, showing more than 50% of activity after being heated for 60

minutes at 90°C with or without detergent. Thus, the DNA polymerase ofthe

present invention is more thermostable than Taq DNA polymerase.

The present invention is also directed to cloning a gene encoding a

Thermotoga neapolitana DNA polymerase enzyme. DNA molecules containing

the Tne DNA polymerase gene, according to the present invention, can be

transformed and expressed in a host cell to produce a Tne DNA polymerase

having a molecular weight of 100 kilodaltons. Any number of hosts may be used

to express the Thermotoga DNA polymerase gene of the present invention;

including prokaryotic and eukaryotic cells. Preferably, prokaryotic cells are used

to express theDNA polymerase ofthe invention. The preferred prokaryotic hosts

1
5 according to the present invention is£ coli.

The Tne DNA polymerase of the invention may be used in well known
DNA sequencing (dideoxy DNA sequencing, cycle DNA sequencing ofplasmid

DNAs, etc.) and DNA amplification reactions.

The present invention is also directed to mutant thermostable DNA
20 polymerases. More specifically, the mutant DNA polymerases of the invention are

derived from Thermotoga neapolitana and are substantially reduced or devoid of
3'-5' exonuclease activity, 5'-3' exonuclease activity, or is nondiscriminating

against dideoxynucleotides. The present invention also relates to mutants having

more than one ofthese properties, and DNA molecules containing the mutant Tne

DNA polymerase enzyme genes. These mutants may also be used in well known

DNA sequencing and DNA amplification reactions.

25
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BriefDescription ofthe Figures

Figure 1 demonstrates the heat stability ofTne DNA polymerase at 90°C

over time. Crude extract from Thermoioga neapolitana cells was used in the

assay.

5 Figure 2 shows the DNA polymerase activity in crude extracts from an

£ coli host containing the cloned Tne DNA polymerase gene.

Figure 3 compares the ability of variousDNA polymerases to incorporate

radioactive dATP and [oS]dATP. Tne DNA polymerase is more effective at

incorporating [aS]dATP than was Taq DNA polymerase.

!0 Figure 4 shows the restriction map of the approximate DNA fragment

which contains the Tne DNA polymerase gene in pSport 1 and pUC19. This

figure also shows the region containing the O-helix homologous sequences.

Figure 5 shows the nucleotide and deduced amino acid sequences, in all

3 reading frames, for the carboxyl terminal portion, including the O-helix region,

15 ofthe Thermotoga neapolitana polymerase gene.

Figure 6A schematically depicts the construction of plasmids pUC-Tne

(3'-5')andpUC-TneFY.

Figure 6B schematically depicts the construction of plasmids pTrc Tne35

and pTrcTne FY.

20 Figure 7 schematically depicts the construction ofplasmid pTrcTne35 FY

and pTrcTne535FY.

Figure 8 schematically depicts the construction of plasmid pTTQTne5 FY.
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10

Detailed Description ofthe Preferred Embodiments

Definitions

In the description that follows, a number of terms used in recombinant

DNA technology are extensively utilized. In order to provide a clearer and

consistent understanding ofthe specification and claims, including the scope to be

given such terms, the following definitions are provided.

Cloning vector. A plasmid, cosmid or phage DNA or other DNA
molecule which is able to replicate autonomously in a host cell, and which is

characterized by one or a small number ofendonuclease recognition sites at which

such DNA sequences may be cut in a determinable fashion without loss of an

essential biological function ofthe vector, and into which DNA may be spliced in

order to bring about its replication and cloning. The cloning vector may further

contain a marker suitable for use in the identification of cells transformed with the

cloning vector. Markers, for example, are tetracycline resistance or ampicillin

1 5 resistance.

Expression vector. A vector similar to a cloning vector but which is

capable ofenhancing the expression ofa gene which has been cloned into it, after

transformation into a host. The cloned gene is usually placed under the control

of (i e., operabh/ linked to) certain control sequences such as promoter sequences.

Recombinant host. Any prokaryotic or eukaryotic or microorganism

which contains the desired cloned genes in an expression vector, cloning vector

or any DNA molecule. The term "recombinant host" is also meant to include

those host cells which have been genetically engineered to contain the desired

gene on the host chromosome or genome.

Host Any prokaryotic or eukaryotic microorganism that is the recipient

ofa repKcable expression vector, cloning vector or anyDNA molecule. The DNA
molecule may contain, but is not limited to, a structural gene, a promoter and/or

an origin ofreplication.

20

25
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Promoter. A DNA sequence generally described as the 5' region of a

gene, located proximal to the start codon. At the promoter region, transcription

ofan adjacent gene(s) is initiated.

Gene. A DNA sequence that contains information necessary for

5 expression ofa polypeptide or protein. It includes the promoter and the structural

gene as well as other sequences involved in expression ofthe protein.

Structural gene. A DNA sequence that is transcribed into messenger

RNA that is then translated into a sequence of amino acids characteristic of a

specific polypeptide.

10 Operably linked. As used herein means that the promoter is positioned

to control the initiation ofexpression ofthe polypeptide encoded by the structural

gene.

Expression. Expression is the process by which a gene produces a

polypeptide. It includes transcription ofthe gene into messenger RNA (mRNA)

1 5 and the translation of such mRNA into polypeptides).

Substantially Pure. As used herein "substantially pure" means that the

desired purified protein is essentially free from contaminating cellular

contaminants which, are associated with the desired protein in nature.

Contaminating cellular components may include, but are not limited to,

20 phosphatases, exonucleases, endonucleases or undesirable DNA polymerase

enzymes.

Primer. As used herein "primer" refers to a single-stranded
*

oligonucleotide that is extended by covalent bonding of nucleotide monomers

during amplification or polymerization ofaDNA molecule.

25 Template. The term "template" as used herein refers to a double-stranded

or single-stranded DNA molecule which is to be amplified, synthesized or

sequenced. In the case ofa double-stranded DNA molecule, denaturation of its

strands to form a first and a second strand is performed before these molecules

may be amplified, synthesized or sequenced. A primer, complementary to a

30 portion of a DNA template is hybridized under appropriate conditions and the

DNA polymerase of the invention may then synthesize a DNA molecule
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complementary to said template or a portion thereof The newly synthesized DNA
molecule, according to the invention, may be equal or shorter in length than the

original DNA template. Mismatch incorporation during the synthesis or extension

of the newly synthesized DNA molecule may result in one or a number of

mismatched base pairs. Thus, the synthesized DNA molecule need not be exactly

complementary to the DNA template.

Incorporating. The term "incorporating" as used herein means becoming

a part ofa DNA molecule or primer.

Amplification As used herein "amplification" refers to any in vitro

method for increasing the number of copies ofa nucleotide sequence with the use

ofaDNA polymerase. Nucleic acid amplification results in the incorporation of

nucleotides into aDNA molecule or primer thereby forming a new DNA molecule

complementary to aDNA template. The formed DNA molecule and its template

can be used as templates to synthesize additional DNA molecules. As used herein,

one amplification reaction may consist ofmany rounds ofDNA replication. DNA
amplification reactions include, for example, polymerase chain reactions (PCR).

One PCR reaction may consist of30 to 100 "cycles" of denaturation and synthesis

ofa DNA molecule.

Oligonucleotide. "Oligonucleotide" refers to a synthetic or natural

molecule comprising a covalently linked sequence ofnucleotides which are joined

by a phosphodiester bond between the 3
' position ofthe pentose ofone nucleotide

and the 5
' position ofthe pentose ofthe adjacent nucleotide.

*

Nucleotide. As used herein "nucleotide" refers to a base-sugar-phosphate

combination. Nucleotides are monomelic units of a nucleic acid sequence (DNA

and RNA). The term nucleotide includes deoxyribonucleoside triphosphates such

as dATP, dCTP, dUTP, dGTP, dTTP, or derivatives thereof. Such derivatives

include, for example, dm, [oS]dATP and 7-deaza-dGTP. The term nucleotide as

used herein also refers to dideoxyribonucleoside triphosphates (ddNTPs) and their

derivatives. Illustrated examples of dideoxyribonucleoside triphosphates include,

but are not limited to, ddATP, ddCTP, ddGTP, ddlTP, and ddTTP. According

to the present invention, a "nucleotide" may be unlabeled or detectably labeled by
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well known techniques. Detectable labels include, for example, radioactive

isotopes, fluorescent labels, chemiluminescent labels, bioluminescent labels and

enzyme labels.

Thermostable. As used herein -thermostable" refers to a DNA

5 polymerase which is resistant to inactivation by heat. DNA polymerases

synthesize the formation of aDNA molecule complementary to a single-stranded

DNAternplatebyextendmgaprimermtheS'-to-S'
direction. This activrty for

rnesopHncDNAr^rymerasesrnaybeinac^^
For example,

T5 DNA polymerase activity is totally inactivated by exposing the enzyme to a

10 temperature of 90'C for 30 second, As used herein, a thermostable DNA

polymerase activity is more resistant to heat inactivation than a mesoprahc DNA

polymerase. However, a thermostable DNA polymerase does not mean to refer

to an enzyme which is totally resistant to heat inactivation and thus heat treatment

may reduce the DNA polymerase activity to some extent. A thermostable DNA

15 polymerase typically will also have ahigher optimum temperature than mesophmc

DNA polymerases.

Hybridization. The terms -hybridization" and "hybridizing" refers to the

pairing oftwo complementary single-stranded nucleic acid molecules (RNA and/or

DNA) to give a double-stranded molecule. As used herein, two nucleic aad

20 molecules may be hybridized, although the base pairing is not completely

complementary. Accordingly, mismatched bases do not prevent hybridan of

two nucleic acid molecules provided that appropriate conditions, well knownm

the art, are used.

3'-to-5« Exonudease Activity. "3'-to-5' exonuclease activrty" « an

25 enzymatic activity well known to the art. This activity is often associated with

DNA polymerases, and is thought to be involved in aDNA replication "edrtrng"

or correction mechanism.

5'-to-3' Exonudease Activity. "5'-to-3' exonuclease activity" is also an

enzymatic activity well known in the art. This activity is often associated with

30 DNA polymerases, such as E. coli Poll and PolIIX.
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A "DNA polymerase substantially reduced in 3'-to-5' exonuclease

activity" is defined heron as either (1) a mutated DNA polymerase that has about

or less than 10%, or preferably about or less than 1%, ofthe 3'-to-5' exonuclease

activity of the corresponding unmutated, wild-type enzyme, or (2) a DNA

5 polymerase having a 3 '-to-5 ' exonuclease specific activity which is less than about

1 unit/mg protein, or preferably about or less than 0. 1 units/mg protein. A unit of

activity of3 '-to-5' exonuclease is defined as the amount of activity that solubilizes

10 nmoles ofsubstrate ends in 60 nun. at 37 °C, assayed as described in the "BRL

1989 Catalogue & Reference Guide", page 5, with Hhal fragments of lambda

10 DNA 3 '-end labeled with [
3H]dTTP by terminal deoxynucleotidyl transferase

(TdT). Protein is measured by the method ofBradford, Anal Biochem. 72:248

(1976). As a means ofcomparison, natural, wild-type T5-DNAP or T5-DNAP

encoded by pTTQ19-T5-2 has a specific activity of about 10 units/mg protein

while the DNA polymerase encoded by pTTQ19-T5-2(Exo*) (U.S. 5,270,179) has

15 a specific activity of about 0.0001 units/mg protein, or 0.001% of the specific

activity ofthe unmodified enzyme, a lO'-fold reduction.

A "DNA polymerase substantially reduced in 5'-to-3' exonuclease

activity" is defined herein as either (1) a mutated DNA polymerase that has about

or less than 10%, or preferably about or less than 1%, ofthe 5'-to-3 ' exonuclease

20 activity of the corresponding unmutated, wild-type enzyme, or (2) a DNA

polymerase having 5'-to-3' exonuclease specific activity which is less than about

1 unit tng protein, or preferably about or less than 0.1 units/mg protein.

Both of these activities, 3-to-5' exonuclease activity and 5-to-3'

exonuclease activity, can be observed on sequencing gels. Active 5'-to-3'

25 exonuclease activity will produce nonspecific ladders in a sequencing gel by

removing nucleotides from growing primers. 3 '-to-5' exonuclease activity can be

measured by following the degradation of radiolabeled primers in a sequencing

gel. Thus, the relative amounts of these activities, e.g. by comparing wild-type

and mutant polymerases, can be determined from these characteristics of the

30 sequencing gel
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A. Cloning and Expression of Thermotoga neapolUana DNA

Polymerase

The Thermotoga DNA polymerase ofthe invention can be isolated from

any strain of Thermotoga which produces a DNA polymerase having the

5 molecular weight of about 100 kilodaltons. The preferred strain to isolate the

gene encoding Thermotoga DNA polymerase of the present invention is

Thermotoga neapolitana. The most preferred Thermotoga neapolitana for

isolating the DNA polymerase of the invention was isolated from an African

continental solfataric spring (Windberger et al., Arch Microbiol. 757:506-512

10 (1989) and may be obtained from Deutsche Sammalung von
Miaoorganismen und

Zellkulturan GmbH (DSM; German Collection of Microorganisms and Cell

Culture) Mascheroder Weg lb D-3300 Braunschweig, Federal Republic of

Germany, as Deposit No. 5068.

To clone a gene encoding a Thermotoga neapolitana DNA polymerase of

1 5 the invention, isolatedDNA which contains the polymerase gene, obtained from

Thermotoga neapolitana cells, is used to construct a recombinant DNA library in

a vector. Any vector, well known in the art, can be used to clone the wild type or

mutant Thermotoga neapolitana DNA polymerase of the present invention.

However, the vector used must be compatible with the host in which the

20 recombinant DNA library will be transformed.

Prokaryotic vectors for constructing the plasmid library include plasmids

such as those capable of replication in £ coli such as, for example, PBR322,

ColEl, pSClOl, pUC-vectors (pUCIS, pUC19, etc.: In: Molecular Cloning, A

LaboratoryManual, Cold Spring Harbor Laboratory Press, Cold Spring Harbor,

25 New York (1982); and Sambrook et ai. In: Molecular Cloning A Laboratory

Manual (2d ed.) Cold Spring Harbor Laboratory Press, Cold Spring Harbor, New

York (1989)). Bacillus plasmids include pC194, pC221, PC217, etc. Such

plasmids are disclosed by Glyczan, T. In: The Molecular Biology Bacilli,

Academic Press, York (1982), 307-329. Suitable Streptomyces plasmids include

30 pUlOl (Kendall et al, J. Bacteriol 169:4177-4183 (1987)). Pseudomonas

plasmids are reviewed by John */ al.. (Rod Insec. DisO. 5:693-704 (1986)), and
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Igaki, (Jpn. J. BacterioL 33129*1A2 (1978)). Broad-host range plasmids or

cosmids, such as pCP13 (Damns and Chakrabarbary, J. BacterioL 759:9-18,

1984) can also be used for the present invention. The preferred vectors for

cloning the genes of the present invention are prokaryotic vectors. Preferably,

S pCP13 and pUC vectors are used to clone the genes of the present invention.

The preferred host for cloning the wild type or mutant DNA polymerase

genes ofthe invention is a prokaryotic host. The most preferred prokaryotic host

is E. colt. However, the wild type or mutant DNA polymerase genes of the

present invention may be cloned in other prokaryotic hosts including, but not

10 limited to, Escherichia, Bacillus, Streptomyces, Pseudomonas, Salmonella,

Serratia, and Proteus. Bacterial hosts of particular interest include E. colt

DH10B, which may be obtained from Life Technologies, Inc. (LTI) (Gaithersburg,

MD).

Eukaryotic hosts for cloning and expression of the wild type or mutant

15 DNA polymerases ofthe present invention include yeast, fungi, and mammalian

cells. Expression of the desired DNA polymerase in such eukaryotic cells may

require the use of eukaryotic regulatory regions which include eukaryotic

promoters. Cloning and expressing the wild type or mutant DNA polymerase

gene of the invention in eukaryotic cells may be accomplished by well known

20 techniques using well known eukaryotic vector systems.

Once a DNA library has been constructed in a particular vector, an

appropriate host is transformed by well known techniques. Transformed colonies
*

are plated at a density ofapproximately 200-300 colonies per petri dish. Colonies

are then screened for the expression of a heat stable DNA polymerase by

25 transferring transformedE coli colonies to nitrocellulose membranes. After the

transferred cells are grown on nitrocellulose (approximately 12 hours), the cells

are lysed by standard techniques, and the membranes are then treated at 95°C for

5 minutes to inactivate the endogenousE coli enzyme. Other temperatures may

be used to inactivate the host polymerases depending on the host used and the

30 temperature stability of the DNA polymerase to be cloned. Stable DNA

polymerase activity is then detected by assaying for the presence of DNA
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polymerase activity using well known techmques. Sagnere/a/.. Gene 97:1 19-123

(1991), which is hereby incorporated by reference in its entirety. The gene

encoding a DNA polymerase of the present invention can be cloned using the

procedure described by Sagner et al., supra.

The recombinant host containing the wild type gene encoding DNA

polymerase, E. coli DH10B (pUC-Tne), was deposited on September 30, 1994,

with the Patent Culture Collection, Northern Regional Research Center, USDA,

1815 North University Street, Peoria, IL 61604 USA as Deposit No. NRRL

5

B-21338.

10 Ifthe TneDNA polymerase has 3'-to-5' exonuclease activity, this activity

may be reduced, substantially reduced, or eliminated by mutating the Tne DNA

polymerase gene. Such mutations include point mutations, frame shift mutations,

deletions and insertions. Preferably, the region ofthe gene encoding the 3'-to-5'

exonudeased activity is deleted using techniques well known in the art (Sambrook

15 et al., (1989) in: Molecular Cloning. A Laboratory Manual (2nd Ed.), Cold

Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y.).

The 3'-to-5' exonuclease activity can be deleted by creating site specific

mutants within the 3'~5' exonuclease domain. See infra. In a specific

embodiment of the invention Asp
3* of Tne DNA polymerase was changed to

20 Ala
322

to substantially reduce 3'-to-5' exonuclease activity.

The 5'-3' exonuclease activity of the Tne DNA polymerase can be

reduced or eliminated by mutating the Tne DNA polymerase gene. Such

mutations include point mutations, frame shift mutations, deletions, and insertions.

Preferably, the region of the gene encoding the 5'-3' exonuclease activity is

25 deleted using techniques well known in the art. In embodiments ofthis invention,

certain conserved amino acids that are associated with the 5'-3' exonuclease

activity can be mutated. Examples ofthese conserved amino acids include Gly
37

.

In other embodiments, the entire 5'-3' exonuclease domain of e.g., Tne or Tma

rx>lyinerase can be deleted by proteolytic cleavage or by genetic engineering. For

30 example, a unique Sphl restriction site can be used to obtain a clone devoid of



96/10640 PCIYUS95/12358

-15-

nucleotides encoding the 219 amino terminal amino acids of Tne DNA
polymerase. Examples ofsuch a clone are pTTQTne535FY and pTTQTneSFY.

TneDNA polymerase mutants can also be made to render the polymerase

non-discriminating against non-natural nucleotides such as dideoxynucleotides.

By way of example, one Tne DNA polymerase mutant having this property

substitutes a Tyr for Phe at amino acid 67 as numbered in Figure 5. Other

changes within theO helix ofvarious polymerases such as other point mutations,

deletions, and insertions can also be made.

R Enhancing Expression of Thermotoga neapolitana DNA
Polymerase

To optimize expression of the wild type or mutant Thermotoga DNA
polymerases ofthe present invention, inducible or constitutive promoters are well

known and may be used to express high levels ofa polymerase structural gene in

a recombinant host. Similarly, high copy number vectors, well known in the art,

may be used to achieve high levels of expression. Vectors having an inducible

high copy number may also be useful to enhance expression of Thermotoga DNA

polymerase in a recombinant host.

To express the desired structural gene in a prokaryotic cell (such as,

K coli, A subtilis, Pseudomonas, etc.), it is necessary to operably link the desired

structural gene to a functional prokaryotic promoter. However, the natural

Thermotoga neapolitana promoter miy function in prokaryotic hosts allowing

expression ofthe polymerase gene. Thus, the natural Thermotoga promoter or

other promoters may be used to express the DNA polymerase gene. Such other

promoters may be used to enhance expression and may either be constitutive or

r^gulatable (i.e., inducible or derepressible) promoters. Examples ofconstitutive

promoters include the int promoter of bacteriophage A, and the bla promoter of

the ^-lactamase gene ofpBR322. Examples of inducible prokaryotic promoters

include the major right and left promoters of bacteriophage A (PL and Pr), trp,

reck, lacZ, loci, gal trc, and tac promoters of£ coli. The B. subtilis promoters

include a-amylase (Ulmanen et aL , JL Bacteriol 1 62: 1 76- 1 82 ( 1 985)) and Bacillus
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bacteriophagc promoters (Gryczan, T., In: The Molecular Biology OfBacill,

Academic Press, New York (1982)). Streptomyces promoters are described by

Ward et at, Mol. Gen. Genet. 203:468478 (1986)). Prokaryotic promoters are

also reviewed by Glick, J. Ind Microbiol. 1:277-282 (1987); Cenatiempto, Y.,

5 Biochimie 68:505-516 (1986); and Gottesman, Ann. Rev. Genet. 7*415-442

(1984). Expression in a prokaryotic cell also requires the presence of a ribosomal

binding site upstream of the gene-encoding sequence. Such ribosomal binding

sites are disclosed, for example, by Gold et at. Am. Rev. Microbiol. 35:365404

(1981).

10 To enhance the expression ofTneDNA polymerase in a eukaryotic cell,

well known eukaryotic promoters and hosts may be used. Preferably, however,

enhanced expression ofTne DNA polymerase is accomplished in a prokaryotic

host. The preferred prokaryotic host for overexposing this enzyme is E. coli.

C Isolation and Purification of Thermotoga neapolitana DNA

15 Polymerase

The enzyme(s) of the present invention (Thermotoga neapolitana DNA

polymerase, Tne, and mutants thereof) is preferably produced by
fermentation of

the recombinant host containing and expressing the cloned DNA polymerase gene.

However, the wild type and mutant Tne DNA polymerases of the present

invention may be isolated from any Thermotoga strain which produces the

polymerase ofthe present invention. Fragments ofthe Tne polymerase are also

included in the present invention. Such fragments include proteolytic fragments

and fragments having polymerase activity.

Any nutrient that can be assimilated by Thermotoga neapolitana or a host

containing the cloned Tne DNA polymerase gene may be added to the culture

medium. Optimal culture conditions should be selected case by case according to

the strain used and the composition ofthe culture medium. Antibiotics may also

be added to the growth media to insure maintenance of vector DNA containing

the desired gene to be expressed. Culture conditions for Thermotoga neapolitana

have, for example, been described by Huber et al. Arch. Microbiol. 144:324-333

20

25

30
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(1986). Media formulations are also described in DSM or ATCC Catalogs and

Sambrook et ai
y In: Molecular Cloning, A Laboratory Manual (2nd ed.), Cold

Spring Harbor Laboratory Press, Cold Spring Harbor, N Y. (1989).

Thermotoga neapolitcma and recombinant host cells producing the DNA

5 polymerase ofthis invention can be separated from liquid culture, for example, by

centrifugatioa In general, the collected microbial cells are dispersed in a suitable

buffer, and then broken down by ultrasonic treatment or by other well known

procedures to allow extraction of the enzymes by the buffer solution. After

removal of cell debris by ultracentrifugation or centrifugation, the DNA

10 polymerase can be purified by standard protein purification techniques such as

extraction, precipitation, chromatography, affinity chromatography,

electrophoresis or the like. Assays to detect the presence ofthe DNA polymerase

during purification are well known in the art and can be used during conventional

biochemical purification methods to determine the presence ofthese enzymes.

1 5 D. Uses ofThermotoga neapolitana DNA polymerase

The wild type and mutant Thermotoga neapolitcma DNA polymerases

(Tne) ofthe present invention may be used in well known DNA sequencing, DNA

labeling, and DNA amplification reactions. Tne DNA polymerase mutants devoid

of or substantially reduced in 3'- 5' exonuclease activity, devoid of or

20 substantially reduced in 5'- 3
' exonuclease activity, or containing a Phe^-Tyr*

7

*

mutation are especially useful for DNA sequencing, DNA labeling, and DNA

amplification reactions. Moreover, Tne polymerase mutants containing two or

more of these properties are also especially useful for DNA sequencing, DNA

labeling, on DNA amplification reactions. As is well known, sequencing reactions

25 (dideoxy DNA sequencing and cycle DNA sequencing of plasmid DNA) require

the use ofDNA polymerases. Dideoxy-mediated sequencing involves the use of

a chain-termination technique which uses a specific polymer for extension by DNA

polymerase, a base-specific chain terminator and the use of polyacrylamide gels

to separate the newly synthesized chain-terminated DNA molecules by size so that
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at least a part of the nucleotide sequence of the original DNA molecule can be

determined. Specifically, a DNA molecule is sequenced by using four separate

DNA sequence reactions, each of which contains different base-specific

terminators. For example, the first reaction will contain a G-specific terminator,

5 the second reaction will contain a T-specific terminator, the third reaction will

contain an A-specific terminator, and a fourth reaction may contain a C-specific

terminator. Preferred terminator nucleotides include dideoxyribonucleoside

triphosphates (ddNTPs) such as ddATP, ddTTP, ddGTP, and ddCTP. Analogs

of dideoxyribonucleoside triphosphates may also be used and are well known in

10 the art.

When sequencing aDNA molecule, ddNTPs lack a hydroxyl residue at the

3' position ofthe deoxyribose base and thus, although they can be incorporated

byDNA polymerases into the growingDNA chain, the absence ofthe 3 '-hydroxy

residue prevents formation of a phosphodiester bond resulting in termination of

15 extension of the DNA molecule. Thus, when a small amount of one ddNTP is

included in a sequencing reaction mixture, there is competition between extension

ofthe chain and base-specific termination resulting in a population of synthesized

DNA molecules which are shorter in length than the DNA template to be

sequenced. By using four different ddNTPs in four separate enzymatic reactions,

20 populations ofthe synthesized DNA molecules can be separated by size so that at

least a part of the nucleotide sequence of the original DNA molecule can be

determined. DNA sequencing by dideoxy-nucleotides is well known and is

described by Sambrook et aL, In: Molecular Cloning, A Laboratory Manual,

Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y. (1989). As will

25 be readily recognized, the Tne DNA polymerase ofthe present invention may be

used in such sequencing reactions.

As is well known, detectably labeled nucleotides are typically included in

sequencing reactions. Any number of labeled nucleotides can be used in

sequencing (or labeling) reactions, including, but not limited to, radioactive

30 isotopes, fluorescent labels, chemiluminescent labels, bioluminescent labels, and

enzyme labels. It has been discovered that the wild type and mutant Tne DNA
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polymerase of the present invention may be useful for incorporating aS

nucleotides ([aS]dATP, [aS]dTO\ [aS]dCTP and [aS]dGTP) during sequencing

(or labeling) reactions. For example, [a
35S]dATP, a commonly used detectably

labeled nucleotide in sequencing reactions, is incorporated three times more

5 efficiently with the Tne DNA polymerase ofthe present invention, than with Taq

DNA polymerase. Thus, the enzyme ofthe present invention is particularly suited

for sequencing or labeling DNA molecules with [a
35S]dNTPs.

Polymerase chain reaction (PCR), a well known DNA amplification

technique, is a process by which DNA polymerase and deoxyribonucleoside

10 triphosphates arc used to amplify a target DNA template. In such PCR reactions,

two primers, one complementary to the 3' termini (or near the 3 '-termini) ofthe

first strand of the DNA molecule to be amplified, and a second primer

complementary to the 3
' termini (or near the 3 '-termini) ofthe second strand of

the DNA molecule to be amplified, are hybridized to their respective DNA

15 molecules. After hybridization, DNA polymerase, in the presence of

deoxyribonucleoside triphosphates, allows the synthesis ofa third DNA molecule

complementary to the first strand and a fourth DNA molecule complementary to

the second strand of the DNA molecule to be amplified. This synthesis results in

two double strandedDNA molecules. Such double stranded DNA molecules may

20 then be used as DNA templates for synthesis of additional DNA molecules by

providing a DNA polymerase, primers, and deoxyribonucleoside triphosphates.

As is well known, the additional synthesis is carried out by "cycling" the original

*

reaction (with excess primers and deoxyribonucleoside triphosphates) allowing

multiple denaturing and synthesis steps. Typically, denaturing ofdouble stranded

25 DNA molecules to form single stranded DNA templates is accomplished by high

temperatures. The wild type and mutant Thermotoga DNA polymerases of the

present invention are heat stable DNA polymerases, and thus will survive such

thermal cycling during DNA amplification reactions. Thus, the wild type and

mutant Tne DNA polymerases of the invention are ideally suited for PCR

30 reactions, particularly where high temperatures are used to denature the DNA

molecules during amplification.
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Kits

10

15

The wild type and mutant Thermotoga neapolitana (Tne) DNA

polymerases of the invention are suited for the preparation of a kit. Kits

comprising the wild type or mutant Tne DNA polymerases) may be used for

detectably labeling DNA molecules, DNA sequencing, or amplifying DNA

molecules by well known techniques, depending on the content ofthe kit. Such

lots may comprise a carrying means being compartmentalized to receive in close

confinement one or more container means such as vials, test tubes and the like.

Each ofsuch container means comprises components or a mature ofcomponents

needed to perform DNA sequencing, DNA labeling, or DNA amplification.

A kit for sequencing DNA may comprise a number of container means.

A first container means may, for example, comprise a substantially purified sample

ofTneDNA polymerase having the molecular weight
ofabout 100 kilodaltons or

a mutant thereof. A second container means may comprise one or a number of

types of nucleotides needed to synthesize a DNA molecule complementary to

DNA template. A third container means may comprise one or a number different

types of dideoxynucleotide triphosphates. In addition to the above container

means, additional container means may be included in the kit which comprise one

or a number ofDNA primers.

A kit used for amplifyingDNA will comprise, for example, a first container

means comprising a substantially pure mutant or wild type TneDNA polymerase

and one or a number of additional container means which comprise a single type

of nucleotide or mixtures of nucleotides. Various primers may or may not be

included in a kit for amplifying DNA.

25 When desired, the kit ofthe present invention may also include container

means which comprise detectably labeled nucleotides which may be used during

the synthesis or sequencing of aDNA molecule. One ofa number oflabels may

be used to detect such nucleotides. Dlustrative labels include, but are not limited

to, radioactive isotopes, fluorescent labels, chemiluminescent labels,

3o bioluminescent labels and enzyme labels.

20
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Having now generally described the invention, the same will be more

readily understood through reference to the following Examples which are

provided by way of illustration, and are not intended to be limiting of the present

invention, unless specified.

5 Example 1: Bacterial StrainsAnd Growth Conditions

Thermotoga neapolitana DSM No. 5068 was grown under anaerobic

conditions as described in the DSM catalog (addition of resazurin, N^S, and

sulfur granules while sparging the media with nitrogen) at 85°C in an oil bath from

12 to 24 hours. The cells were harvested by filtering the broth through Whatman

#1 filter paper. The supernatant was collected in an ice bath and then centrifliged

in a refrigerated centrifuge at 8,000 rpms for twenty minutes. The cell paste was

stored at -70°C prior to total genomic DNA isolation.

E. coli strains were grown in 2X LB broth base (Lennox L broth base:

GIBCO/BRL) medium. Transformed cells were incubated in SOC (2% tryptone,

0.5% yeast extract, yeast 10mM NaCl, 2.5 M KC1, 20mM glucose, 1OmM MgCl2 ,

and lOmM MgS04 per liter) before plating. When appropriate antibiotic

supplements were 20 mg/1 tetracycline and 100 mg/1 ampicillin. £ coli strain

DH10B (Lorow et aL
t
Focus 12:19-20 (1990)) was used as host strain.

Competent DH10B may be obtained from Life Technologies, Inc. (LTI)

(Gaithersburg, MD).

Example 2: DNA Isolation

Thermotoga neapolitana chromosomal DNA was isolated from 1. lg of

cells by suspending the cells in 2.5 ml TNE (50mM Tris-HCI, pH 8.0, 50mM

NaCI, lOmM EDTA) and treated with 1% SDS for 10 minutes at 37°C. DNA

25 was extracted with phenol by gently rocking the lysed cells overnight at 4 °C. The

next day, the lysed cells were extracted with chloroform:isoamyl alcohol. The

resulting chromosomal DNA was further purified by centrifugation in a CsCl

10

15

20
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5

10

density gradient. Chromosomal DNA isolated from the density gradient was

extracted three times with isopropanol and dialyzed overnight against a buffer

containing 10 mM Tris-HCl (pH 8.0) and 1 mM EDTA.

Example 3: Construction ofGenomic Libraries

The chromosomal DNA isolated in Example 2 was used to construct a

genomic library in the ptasmid pCP13. Briefly, 10 tubes each containing 10/zg of

Thermotoga neapolitana chromosomal DNA was digested with 0.01 to 10 units

of Sau3AI for 1 hour at 3VC. A portion of the digested DNA was tested in an

agarose (1 .2%) gel to determine the extent of digestion. Samples with less than

50% digestion were pooled, ethanol precipitated and dissolved inTE. 6.5 /zg of

partially digested chromosomal DNA was ligated into 1.5 n% ofpCP13 cosmid

which had been digested with Bamffl restriction endonuclease and

dephosphorylated with calf intestinal alkaline phosphatase. Ligation of the

partially digested Thermotoga DNA and Bamffl cleaved pCP13 was carried out

with T4 DNA ligase at 22°C for 16 hours. After ligation, about 1/xg ofligated

DNA was packaged using A-packaging extract (obtained from Life Technologies,

Inc., Gaithersburg, MD). DH10B cells (Life Tech. Inc.) were then infected with

100 n\ of the packaged material. The infected cells were plated on tetracycline

containing plates. Serial dilutions were made so that approximately 200 to 300

20 tetracycline resistant colonies were obtained per plate.

Example 4: Screeningfor Clones Expressing Thermotoga

neapolitana DNA Polymerase

Identification ofthe Thermotoga neapolitanaDNA polymerase gene ofthe

invention was cloned using the method of Sanger./ a/.. Gene 97:119-123 (1991)

25 which reference is herein incorporated in its entirety. Briefly, the E. coli

tetracycline resistant colonies from Example 3 were transferred to nitroceUulose

membranes and allowed to grow for 12 hours. The cells were then lysed with the

15
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fumes of chloroform:toluene (1:1) for 20 minutes and dried for 10 minutes at

room temperature. The membranes were then treated at 95 °C for 5 minutes to

inactivate the endogenous£ coli enzymes. Surviving DNA polymerase activity

was detected by submerging the membranes in 15 ml ofpolymerase reaction mix

(50 mM Tris-HCl (pH 8.8), 1 mM MgCl2, 3 mM p-mercaptoethanol, 10 fM
dCTP, dGTP, dTTP, and 15 fxCx of3,000 Ci/mmol [a

32P]dATP) for 30 minutes

at 65 °C.

Using autoradiography, three colonies were identified that expressed a

Thermotoga neqpolitana DNA polymerase. The cells were grown in liquid

culture and the protein extract was made by sonication. The presence of the

cloned thermostable polymerase was confirmed by treatment at 90°C followed by

measurement of DNA polymerase activity by incorporation of radioactive

deoxyribonucleoside triphosphates into acid insoluble DNA. One ofthe clones,

expressing TneDNA polymerase, contained a plasmid designated pCP13-32 was

used for further study.

Example 5: Subcloning ofTneDNA polymerase

Since the pCP13-32 clone expressing the Tne polymerase gene contains

about 25 Id) of T. neapohtanaDNA, we attempted to subclone a smaller fragment

ofthe Tne polymerase gene. The molecular weight ofthe Tne polymerase purified

from£ «>///pCP13-32 was about 100 kd. Therefore, a 2.5-3.0 kb DNA fragment

will be sufficient to code for full-length polymerase. A second round ofSau3A

partial digestion similar to Example 3 was done using pCP13-32 DNA. In this

case, a 3.5 kb region was cut out from the agarose gel, purified by Gene Clean

(BIO 101, La Jolla, CA) and ligated into plasmid pSport 1 (Life Technologies,

Inc.) which had been linearized with BamHl and dephosphoylated with calf

intestinal phosphatase. After ligation, DH10B was transformed and colonies were

tested for DNA polymerase activity as described in Example 4. Several clones

were identified that expressed Tne DNA polymerase. One of the clones

(pSport-Tne) containing about 3 kb insert was further characterized. A restriction
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«, of the DNA ftagmen, is shown in Fig. 4. Forth*, . 27 Kb flMIIkS*

fi^wMSubcl<»nedin.opUC19.o gen««e pUC19.Tne.
£ co»pUCl<>-Tne

also produced TneDNA polymerase.

The Tne polymer** clone was sequenced by medtods known inme art.

5 rmmmmmmmJ-*^**'*^***"0''*"

in SEQ ID NO:.. The nucleotide sequence obtained which encodes me Tne

po.ymeraseis.howninSEQIDNO*. When SEQ ID NO;2 is translated it does

no, produce me «to -nino «id sequence of the Tne polyme«se due to Same

m errors in the nucleotide sequence set forth in SEQ ID NO:2. However, an

reeling frames of SEQ ID NO:2, comparing these sequences wtth known

po.ymer.se amino acid sequences, ml splicing the Tne polymers Kquence

together to form the amino acid sequence set forth in SEQ ID NO:3.

Example 6: Purification ofThermot^a
neapolilam DNA

Polymerasefrom E. am

Twelve grams of£ coli cells expressing cloned TneDNA polymer**

(DHlOB/pSport-Tne) were lysed by sonicuion (four thirty-s^ond bursts with a

.nedium tip « the setting ofnine wiu, a Heat
Systems Uhrasonics Inc., model 375

aonicator) in 20 ml of ice cold exaction buffer (50 mM Tris HO. pH 7.4 8%

glycerol. 5 mMMfMM. 10mM N.C.. 1 mM EDTA, 0.5 mM PMSF).

The sonioued e«rac, was heated a. 80'C for 15 min and u*n cooled in tee for

5 min 50 mM KQ »d PH (0.4%) «• added to remove nucleic aods. The

mmn~ ««>*Bed for danfi«ion. Ammonium sulftte was added a. 60%,

tne pellet was collected by centnn.ga.ion and .suspended in .0 ml ofcolumn

buff„ (25 mM Tris-HO, pH 7.4. S% glycerol. 0.5% EDTA, 5mM

tmrnmymm*. .0 mM KC1). A Brue-Sepharose (Pharmacia) column, or

p
^.^tel^(fc««^'-"*,,"* 7,*' ,* ,"
ofcoumm buffer and mmt wim a 15 column volume grade* ofbuffer A from

10mM,„2MKCI. Fractions cordoning polymerase activity were pooled. The

20

25
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fractions were dialyzed against 20 volumes of column buffer. The pooled

fractions were applied to a Toso650Q column (Tosohaas). The column was

washed to baseline OD^ and elution effected with a linear 10 column volume

gradient of25 mM Tris, pH 7.4, 8% glycerol, 0.5 mM EDTA, 10 mM KC1, 5 mM

p-mercaptoethanol to the same buffer plus 650 mM KG. Active fractions were

pooled.

Example 7: Characterization ofPurified TneDNA Polymerase

L Determination ofthe Molecular Weight ofThermotoga

neapolitana DNA Polymerase

10 The molecular weight of 100 kilodaltons was determined by

electrophoresis in a 12.5% SDS gel by the method of Laemmli, U.K., Nature

(Lond.) 227:680-685 (1970). Proteins were detected by staining with Coomassie

brilliant blue. A 10 kd protein ladder (Life Technologies, Inc.) was used as

standard.

15 2. Methodfor Measuring Incorporation of fat'SJ-dATP

Relative to *H-dATP

Incorporation of[aS]dATP was evaluated in a final volume of 500 /zl of

reaction mix, which was preincubated at 72°C for five minutes, containing either

a [
3H]TTP nucleotide cocktail (100 fiM each TTP, dATP, dCTP, dGTP with

20 [

3H]TTP at 90.3 cpm/pmol), a nucleotide cocktail containing [ctS]dATP as the

only source of dATP (100 jiM each [aSJdATP, dCTP, dGTP, TTP with

[a
35S]dATP at 235 cpm/pmol), or a mixed cocktail (50 \M [aS]dATP, 50 fiM

dATP, 100 fiM TTP, 100 nM dCTP, 100 *iM dGTP with [
35
aS] dATP at 1 18

cpm/pmol and [
3H]TTP at 45.2 cpm/pmol). The reaction was initiated by the

25 addition of 0.3 units of T. neapolitana DNA polymerase or T. aquaticus DNA

polymerase. At the times indicated a 25 n\ aliquot was removed and quenched by

addition of ice cold EDTA to a final concentration of 83 mM. 20 y\ aliquots of
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the quenched reaction samples were spotted onto GF/C filters. Rates of

incorporation were compared and expressed as a ratio of T. neapolitana to

T. aquaticus. The incorporation of [o
MS]dATP by T. neapolitana DNA

polymerase was three-fold higher than that of T. aquaticus DNA polymerase.

5 Example 8: Reverse Transcriptase Activity

(A)B:(dT)12.ii k the synthetic template primer used most frequently to assay

for reverse transcriptase activity of DNA polymerases. It is not specific for

retroviral-like reverse transcriptase, however, being copied by many prokaryotic

and eukaryoticDNA polymerases (Modak and Marcus, J. Biol. Chem. 252: 1 1-19

10 (1977); Gerard et al, Biochem. 75:1632-1641 (1974); Spadari and Weissbach, J.

Biol. Chem. 249:5809-5815 (1974)). (A)n:(dT)lwl is copied particularly well by

cellular, replicative DNA polymerases in the presence ofMn", and much less

efficiently in the presence ofMg~ (Modak and Marcus, J. Biol. Chem. 252:\ 1-19

(1977); Gerard etal., Biochem. 73:1632-1641 (1974); Spadari and Weissbach, J.

1 5 BioL Chem. 249:5809-5815 (1974)). In contrast, most cellular, replicative DNA

porymerases do not copy the synthetic template primer (C)D:(dG)12.„ efficiently in

presence of either Mn~ or Mg~ but retroviral reverse transcriptases do.

Therefore, in testing for the reverse transcriptase activity ofaDNA polymerase

with synthetic template primers, the stringency of the test increases in the

20 following manner from least to most stringent: (A)„:(oT)12.„ (Mn~) < (A)B:(dT) 12.

„ (Mg~)« (Q.:(dQ,„, (Mn~) < (C)n:(dG)ia.„ (Mg~).

The reverse transcriptase activity of Thermotoga neapolitana (Tne) DNA

polymerase was compared with Thermus thermophilus (Tth) DNA polymerase

utilizing both <A).:<dT)» and (C)B:(dG)12.lg . Reaction mixtures (50 pi) with

25 (A)„:(dT)2o contained
50 mM Tris-HCl (pH 8.4), 100 uM (A)„ 100 uM (dT)»

and either 40 mM KC1, 6 mM MgCl2, 10 mM dithiothreitol, and 500 uM

[
3H]dTTP (85 cpm/pmole), or 100 mM KC1, 1 mM MnCl2,

and 200 uM

['HldTTP (92 cpm/pmole). Reaction mixtures (50 ul) with (C)„:(dG) l2.u

contained 50mM Tris-HCl (pH 8.4), 60 uM (C)„ 24 uM (dG)l2.u,
and either 50
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10

mM KC1, 10 mM MgCI2 , 10 mM dithiothreitol, and 100 uM [

3H)dGTP (132

cpm/pmole), or 100 mM KCI, 0.5 mM MnCl2, and 200 uM [
3H]dGTP (107

cpm/pmole). Reaction mixtures also contained either 2.5 units ofthe Tth DNA
polymerase (Perkin-Elmer) or 2.5 units ofthe Tne DNA polymerase. Incubations

were at 45°C for 10 min followed by 75°C for 20 min.

The table shows the results of detennining the relative levels of

incorporation ofTne and Tth DNA polymerase with (A^dT^ and (C)a:(dG)i2.u
in the presence ofMg" and Mn~ Tne DNA polymerase appears to be a better

reverse transcriptase than Tth DNA polymerase under reaction conditions more

specific for reverse transcriptase, i.e„ in the presence of(AJ^dT)* with Mg~ and

(C)B:(dG) 12.u with Mn~ or Mg~

DNA Polymerase Activity ofTth and Tne
DNA Polymerase with (A).:(dT)„ and (Q.:(dG)U-l<

15

Enzyme

DNA Polymerase Activity

(pMoles Complementary f'HldNTP Incorporated) fl

(AUdT)* (C)„:(dG)
|Mg~ Mn" Mr" Mn~ 1

Tne 161.8 188.7 0.6 4.2
|Tth 44.8 541.8 0 0.9
|

Example 9: Construction ofthermotoga Neapolitan 3 '-to-5

'

Exonuclease Mutant

The amino acid sequence of portions of the Tne DNA polymerase was

compared with other known DNA polymerases such as£ coli DNA polymerase

1, Taq DNA polymerase, T5 DNA polymerase, and T7 DNA polymerase to

localize the regions of 3 '-to-5' exonuclease activity, and the dNTP binding

domains within theDNA polymerase. We have deteimined that one ofthe 3'-to-5'

exonuclease domains based on the comparison of the amino acid sequences of
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various DNA po*»«ases (Bkm « d. G. 11* »M«« 0«*

Bn^e and to,Nri*AM*» 21: 787-802 (1993)) is as fc»o»s:

Tne 317 PSFALDLETSS 327 (SEQ. ID NO. 4)

Poll 350 PVFAFDTETDS 360 (SEQ. IDNO. 5; Braithwaite and lto,

supra)

T5 133 GPVAFDSETSA 143 (SEQ. ID. NO. 6; Braithwaite and lto,

supra)

T7 ! MIVSDIEANA 10 (SEQ. ID. NO. 7; Braithwaite and lto,

supra).

As a first step to make the Tne DNA polymerase devoid of 3'-5'

exonuclease activity, a 2kb Sph fragment from pSport-Tne was cloned into

M13mP19 (LTI, Gaithersburg, MD). The recombinant clone was selected m E.

coli DH5aF'IQ (LTI, Gaithersburg, MD). One of the clones with the proper

insert was used to isolate uracilated single-stranded DNA by infecting E col,

CJ236 (Biorad, California) with the phage particle obtained from E. colt

DH5aF'IQ. An oligonucleotide, GA CGT TTC AAG CGC TAG GGC AAA

AGA (SEQ ID NO. 8) was used to perform site directed mutagenes.s. Tins site-

directed mutagenesis converted Asp- (indicated as * above) to Ala-. An

£co47m restriction site was created as part of this mutagenesis to facdrtate

screening ofthe mutant
Mowing mutagenesis. The mutagenesis was performed

using a protocol as described in the Biorad manual (1987) except T7 DNA

polymerase was used instead ofT4 DNA polymerase (USB, Cleveland, OH). The

mutant clones were screened for the £co47III restriction site that was created «

the mutagenic oligonucleotide. One of the mutants having the created £co47in

restriction site was used for further study.

To incorporate the 3'-to-5' exonuclease mutation in an expression vector,

the mutant phage was digested with SpM and HindBl. A 2 kb fragment

containing the mutation was isolated. This fragment was cloned in pUC-Tne to

replace the wild type fragment. See Figure 6A. The desired clone, pUC-Tne

30

RECTIFIED SHEET (RULE 91)
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*

(3 '-5'), was isolated. The presence ofthe mutant sequence was confirmed by the

presence ofthe unique Eco47YR site. The plasmid was then digested with Sstl and

HmdHI. Hie entire mutant polymerase gene (2.6 kb) was purified and cloned into

Ssil and VUndDl digested pTrc99 expression vector (Pharmacia, Sweden). The

5 clones were selected in DH10B (LTI, Gaithersburg, MD). The resulting plasmid

was designated pTrcTne35. See Figure 6B. This clone produced active heat

stable DNA polymerase.

Example 10: Phenylalanine to Tyrosine Mutant

10 As discussed supra, the polymerase active site including the dNTP binding

domain is usually present at the carboxyl terminal region ofthe polymerase. The

preliminary and partial sequence of the Tne polymerase gene suggests that the

amino adds that presumably contact and interact with the dNTPs are present

within the 694 bases starting at the internal BarriHI site. See Figure 4. This

IS conclusion is based on homology with a prototype polymerase E. coli polymerase

1. See Polisky et al, J. Biol Chem. 265:14579-14591 (1990). The sequence of

the carboxyl terminal portion ofthe polymerase gene is shown in Figure 5. Based

upon this sequence, it is possible to compare the amino acid sequence within the

O-helix for various polymerases:

20 •

Tne 63 KMVNFSHYG 72 (SEQ ID NO. 9)

Poll 758 KAINFGLIYG 767 (SEQ ID NO. 10)

T5 S66 KAITFGILYG 575 (SEQ ID NO. 11)

T7 522 KTFIYGFLYG 531 (SEQ ID NO. 12)

Taq 663 KTINFGVLYG 672 (SEQ ID NO. 13)

It was shown that by replacing the phenylalanine residue of Taq DNA

polymerases, (indicated as * above) the polymerase becomes non-discriminating

against non-natural nucleotides such as dideoxynucleotides. See application Serial

No. 08/525,087 entitled "Mutant DNA Polymerases and Use Thereof ofDeb K.

30 Chatterjee, filed September 8, 1995, specifically incorporated herein by reference.

RECTIFIED SHEET (RULE 91)
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The mutation was based on the assumption that T7DNA polymerase contains a

tyrosiM readue in pUc. of the -" DNA"^JT,
a^i^ag^did^.^ *

£co«Ponism^»d«'^w^ wW,,,ac'eo,idB

Z»-945.1954 0995)). W«pr«p»ed .Mhr muumt ofTneDNApolymer.

In orderto changePhe" ofthe Tne polymerase to aTyr*
7
as numbered m

Figure 5 w. performed a siu>dire«ed muagenesis using the ougonucleorfe

OTA TAT TAT AGA GTA GTT AAC
CAT CTT TCC A (SEQ ID NO. 14)

Mp^rfmisougonudeotidedir^muug^ a«d ruction she~
.. . The same uracilatedsmgle-stranded

10

15

20

25

creates in wuw *w — -

DNA and mutagenesis procedure described in Example 9 were used for this

mmfX̂ . Following r^uttgenesis, the rnuuunswere screened f°' *e a,e

Mutants with the desired tfpd cite were used for further study.

ThePhe-toTyr" mutationm> incorporated into pUC-Tne by replaong

the wild«.*M-HWm fagment with the mutant fragment oladned from the

mutant pl»g« DNA The presence of the desimi done, pUCTntfY, «t

confirmed by the presence of the unique Upal she. see Kgur. OA. The enure

muun. poiyn-se gene was subdoned imo PTrc99 as -

aescribed above in DH10B. The resulting ptasnnd was designated pTrcTneFY.

(Figure 6B) The clone produced active heat stable polymerase.

Mte 11: 3 '*J -Exonuclease and»«WD~*»—

I„ order to introduce the
3'-5' (^nuclease mutation and the PhP-Tyr"

mutation in the same expression v««or. pTrc99, it w* necessa^ to firs,

re
^c<*rr^m.hepUC.T». do»«. SoefigureT. Both^epUC-

T«(3--5^UKpUC.TneFYw«d^UdwiU.i»-HI The <hges«d P«C-

Tne P'-SO was dohospho^Uted to ** «*»«- » *•

Mte Ther^fi^wm.nmfiedon.l-/.^^. TheUrges.

« fagmen. (44 U»«. pur** *om pUCTne (3-5') digestDNA and

AERIFIED SHEET (RULE 91)
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the smallest BamHl fragment (0.8 kb) containing the Phe67-*Tyr*7 mutation was

purified and ligated to generate pUC-Tne35FY. The proper orientation and the

presence ofboth mutations in the same plasmid was confirmed by £co47III, Hpal,

and Sphl-Hindlll restriction digests. See Figure 7.

5 The entire polymerase containing both mutations was subcloned as a Sstl-

Hindlll fragment in pTrc99 to generate pTrcTne35FY in DH10B. The clone

produced active heat stable polymerase.

Example 12: 3 -to- 5 'Exonuclease, 5 - to-3 ' Exonuclease, and

Phe*7
-+Ty!*

7
Triple Mutants

10 In most of the known polymerases, the 5'-to-3
!

exonuclease activity is

present at the amino terminal region ofthe polymerase (Ollis, D.L., et al.
t
Nature

313, 762-766, 1985; Freemont, P.S., et al., Proteins 1, 66-73, 1986; Joyce, CM.,

Curr. Opin. Struct. Biol. 1, 123-129, 1991). There are some conserved amino

acids that are implicated to be responsible for 5'-to-3' exonuclease activity

15 (Gutman and Minton, Nucl Acids Res. 21, 4406-4407, 1993). See supra. It is

known that 5 -to-3' exonuclease domain is dispensable. The best known example

is the Klenow fragment of E. coli Pol I. The Klenow fragment is a natural

proteolytic fragment devoid of 5 -to-3' exonuclease activity (Joyce, CM., et al y

J. BioL Chenu 257, 1958-1964, 1990). In order to generate an equivalent mutant

20 for TneDNA polymerase devoid of 5 -to-3
1

exonuclease activity we exploited the

presence of a unique Sphl site present 680 bases from the Sstl site.

pUC-Tne35FY was digested with HindSH, filled-in with Klenow fragment to

generate a blunt-end, and digested with Sphl. The 1.9 kb fragment was cloned

into an expression vector pTTQ19 (Stark, M.J.R., Gene 51, 255-267, 1987) at the

25 Sphl-Smal sites and was introduced into DH10B. This cloning strategy generated

an in-frame polymerase clone with an initiation codon for methionine from the

vector. The resulting clone is devoid of219 amino terminal amino acids ofTne

DNA polymerase. This clone is designated as pTTQTne535FY. The clone

produced active heat stable polymerase. No exonuclease activity could be
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detccted in the mutant polymerase as evidenced by lack of primer (labeled with

radioisotope) degradation in the sequencing reaction. This particular mutant

polymerase is highly suitable for DNA sequencing.

Example 13: 5'-to-3' Exonuclease Deletion andPhe
67-Ty?7

Substitution Mutant

In order to generate the S'-r exonuclease deletion mutant of the Tne

DNA polymerase Phe'-Tyr" mum.., the 1.8 kb *M-*<* fragment of

pTTQTne35FY was replaced with the identical fragment ofpUC-Tne FY. See

Fig 8 A resulting done, pTTQTneSFY. produced active heat sutble DNA

,„ polymerase. As measured by the rat. ofOration of a tabeled primer, ttus

mutant has a modulated, low but detecuble. 3' - 5' exonuclease acovrty

c<^,„vMtyp«T,«DNA,»K™e«e. M13 sequencing primer, obumable

from LTI, ftuutersburg, MD, was .Wed a. the 5' end wnh fP»l ATP and T<

kinase also c*»mable from LTI. Gaithersburg, MD, as described by the

manufacturer. The reaction mixwes contains) 20 unhs of either wild-type or

mutant TneDNA polymerase. 0.25 pmo. of labeled prir*r, 20 mM tricme, pH

8 7 85 mM pottssium acetate, 1.2 mM magnesium acettte, and 8% glycerol.

lKutauo„w»c*rnedou,..70-C.
A, vrfous time points, lOmlaSquoawere

removed to 5 ml cycle sequencing stop solution and w«e resolved » a 6 %

J0 po.v**^**™*^^^
While the wild-type

polyms.se degn»M the primer in 5 to 15 minutes, h took the mutant polymerase

more than 60 minutes for the same amount of degradation of the pnmer.

15

25

Preliminary results suggest that this mutant poK-erase is able to amplify more

than 12 kb of genomic DNA when used in conjunction with Taq DNA

polymerase. Thus, the mutant polymerase is suitable for large fragment PCR.
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Example 14: Purification ofthe Mutant Polymerases

The purification of the mutant polymerases was done essentially as

described in U.S. Patent AppKcation Serial No. 08/370,190, filed January 9, 1995,

entitled "Cloned DNA Polymerases for Thermotoga neapolitana" and as in

S Example 6, supra, with minor modifications. Specifically, 5 to 10 grams of cells

expressing cloned mutant Tne DNA polymerase were lysed by sonication with a

Heat Systems Ultrasonic, Inc. Model 375 machine in a sonication buffer

comprising 50mM Tris-HCl, pH 7.4; 8% glycerol; 5 mM 2-mercaptoethanol, 10

mM NaCl, 1 mM EDTA, am) 0.5 mM PMSF. The sonication sample was heated

10 at 75°C for 1 5 minutes. Following heat treatment, 200 mM NaCl and 0.4% PEI

was added to remove nucleic acids. The extract was centrifuged for clarification.

Ammonium sulfate was added to 48%, the pellet was resuspended in a column

buffer consisting of25 mM Tris-HCl, pH 7.4; 8% glycerol; 0.5% EDTA; 5 mM

2-mercaptoethanol; 10 mM KC1 and loaded on a Heparin agarose column. The

1 5 column was washed with 10 column volumes using the loading buffer and eluted

with a 10 column volume buffer gradient from 10 mM to 1 M KC1. Fractions

containing polymerase activity were pooled and dialyzed in column buffer as

above with the pH adjusted to 7.8. The dialyzed pool of fractions were loaded

onto a mono Q column. The column was washed and eluted as described above

20 for the Heparin column. The active fractions are pooled and a unit assay was

performed.

The unit assay reaction mixture contained 25 mM TAPS pH 9.3, 2 mM

MgCl2 , 50 mM KC1, 1 mM DTT, 0.2 mM dNTPs, 500 ng/ml DNAse I treated

salmon sperm DNA, 21 mCi/ml [aP32] dCTP and various amounts of polymerase

25 in a final volume of 50 ml. After 10 minutes incubation at 70°C, 10 ml of0.5 M

EDTA was added to the tube. TCA precipitable counts were measured in GF/C

filters using 40 ml ofthe reaction mixture.
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Sample 15: DNA Seauendng nUH tHe Mutant Polymerase*

Cycte sequencing regions using P»end-^ pnme* «ere P«P»*

using wUd-typ. Tn. DNA po.yn.ms. and «•* of*. three -«-.

LsFY Tt^FV. Mfou, of*epo^ product^
t^^-*.-*--"""4 Mu^ the dideoxynucieondes

«f thP 23-base primer band confirmed that the i 3

ladder The persistence of the 23-oase pnmci

15 prfonned *** .o .he Tne35FY except that the^
LnsUie,L—* showing no p.«en» ofsequenced

intensity variation.
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SEQUENCE LISTING

(1) GENERAL INFORMATION:

(i) APPLICANT: LIFE TECHNOLOGIES , INC.

(ii) TITLE OF INVENTION: Cloned DNA Polymerases from Thermotoga
Neapolitana and Mutants Thereof

(iii) NUMBER OF SEQUENCES: 3

(iv) CORRESPONDENCE ADDRESS:
(A) ADDRESSEE: STERNE , KESSLER, GOLDSTEIN & FOX
(B) STREET: 1100 New York Avenue, N.W.

(C) CITY: Washington
(D) STATE: DC
(E) COUNTRY: USA
(F) ZIP: 20005

(v) COMPUTER READABLE FORM:
(A) MEDIUM TYPE: Floppy disk
(B) COMPUTER: IBM PC compatible
(C) OPERATING SYSTEM: PC-DOS /MS -DOS
(D) SOFTWARE: Patentln Release #1.0, Version #1.30

(vi) CURRENT APPLICATION DATA:
(A) APPLICATION NUMBER: TO BE ASSIGNED
(B) FILING DATE: 02-OCT-1995
<C) CLASSIFICATION:

(vii) PRIOR APPLICATION DATA:
(A) APPLICATION NUMBER: US 08/316,423
(B) FILING DATE: 30-SEP-1994

(vii) PRIOR APPLICATION DATA:
(A) APPLICATION NUMBER: US 08/370,190
(B) FILING DATE: 09-JAN-1995

(viii) ATTORNEY/AGENT INFORMATION:
(A) NAME: Esmond, Robert W,

(B) REGISTRATION NUMBER: 32,893

(C) REFERENCE/DOCKET NUMBER: 0942.280PC02

fix) TELECOMMUNICATION INFORMATION:
(A) TELEPHONE: 202-371-2600
(B) TELEFAX: 202-371-2540

(2) INFORMATION FOR SEQ ID NO:l:

(i) SEQUENCE CHARACTERISTICS:
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(A) LENGTH: 23 base pairs

(B) TYPE: nucleic acid

(C) STRANDEDNESS :
both

(D) TOPOLOGY: both

(xi ) SEQUENCE DESCRIPTION: SEQ ID HOsl:

GAGCTCACGG GGGATGCAGG AAA

(2) INFORMATION FOR SEQ ID NO:2:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 1310 base pairs

(B) TYPE: nucleic acid

(C) STRANDEDNESS: both

(D) TOPOLOGY: linear

23

(xi )
SEQUENCE DESCRIPTION : SEQ ID NO: 2:

rcCcTGGCCT ACAGGGCATA TTACGCCCTC

ATGGCGAGAC TATTTCTCTT TGATGGCACA GCCCTGGCCT

CCAACGAACG CCGTCTATGG CGTTGCCAGG

GACAGATCCC TTTCCACATC CACAGGAATT CCAACGAA

™racATT ATACCCGAAA AGGACTACGC GGCTGTGGCC

ATGCTCGTTA AATTCATTAA GGAACACATT ATACCCGAA"

aggcaocgacc™c—^ —«

*

CCAAAGACGG CGGCTCTTCTAG— CTACCTTACA
—

AAGTGCTGGA GCTGGAAGGG — CGCCACGCTT„0~—™ TAACCOOTGA—
CTTCAACTTG»™ ««»««« "»» """"" "

GAGCTTTACG ATTCGAAAAA GGTGAAAGAA— ™»~»
rrrGTGTAAC GGGAATAGGT

GATCTTCTAG CACTGACGGG AGACGACATA GACAACATTC CCGGTGTAAC

(M^hiiTr TTGAATACAT TCTGGAGCAT

GAAAAGACCG CTGTACAGCT TCTCGGCAAG TATAGAAATC TTGAAT

g™c*— agtgagaaag gctctcttga gagacaggga«-«
CTCAGTAAAA AACTTOCAAC~«—

60

12 0

180

240

300

360

420

480

540

600

660

720

780
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ATGAAATACA GAGGATACGA CAAGAGAAAA CTACTTCCGA TATTGAAAGA ACTGGAGTTT 84 0

GCTTCCATCA TGAAGGAACT TCAACTGTAC GAAGAAGCAG AACCCACCGG ATACGAAATC 900

GTGAAGGATC ATAAGACCTT CGAAGATCTC ATCGAAAAGC TGAAGGAGGT TCCATCTTTT 960

GCCCTGGACC TTGAAACGTC CTCCTTGGAC CCGTTCAACT GTGAGATAGT CGGCATCTCC 1020

GTGTCGTTCA AACCGAAAAC AGCTTATTAC ATTCCACTTC ATCACAGAAA CGCCCACAAT 1080

CTTGATGAAA CACTGGTGCT GTCGAAGTTG AAAGAGATCC TCGAAGACCC GTCTTCGAAG 1140

ATTGTGGGTC AGAACCTGAA GTACGACTAC AAGGTTCTTA TGGTAAAGGG TATATCGCCA 1200

GTTTATCCGC ATTTTGACAC GATGATAGCT GCATATTTGC TGGAGCCAAA CGAGAAAAAA 1260

TTCAATCTCG AAGATCTGTC TTTGAAATTT CTCGGATACA AAATGACGTC 1310

(2) INFORMATION FOR SEQ ID NO:3:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH : 4 36 amino acids

(B) TYPE: amino acid

(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: protein

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:3:

Met Ala Arg Leu Phe Leu Phe Asp Gly Thr Ala Leu Ala Tyr Arg Ala15 10 15

Tyr Tyr Ala Leu Asp Arg Ser Leu Ser Thr Ser Thr Gly lie Pro Thr

20 25 30

Asn Ala Val Tyr Gly Val Ala Arg Met Leu Val Lys Phe He Lys Glu

35 40 45

His He He Pro Glu Lys Asp Tyr Ala Ala Val Ala Phe Asp Lys Lys

50 55 60

Ala Ala Thr Phe Arg His Lys Leu Leu Val Ser Asp Lys Ala Gin Arg

65 70 75 80

Pro Lys Thr Pro Ala Leu Leu Val Gin Gin Leu Pro Tyr He Lys Arg

85 90 95

Leu lie Glu Ala Leu Gly Phe Lys Val Leu Glu Leu Glu Gly Tyr Glu

100 105 HO
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at* Tve Glv Cys Thr Phe Phe
Tltt Ai a Thr Leu Ala Ala Lys uxy w

Ala Asp Asp He He Ala Tnr u
12g

115

Asp Glu 1U n. n. ». or «p <*» -» « - =l° Mu v<a

130
135

va i Tva Glv He Ser Asp Leu

Asn Glu Lys lie Lys Val Trp Arg He Val by. Oly

145 150

rii, Ara Tvr Gly Val Glu Pro

Glu Leu Tyr Asp Ser Lys Lys Val Lys Glu Arg Tyr ^
165

A,v

,1a Tmi Thr oly Asp Asp He Asp Asn

His Gin lie Pro Asp Leu Leu Ala Leu Thr Gly ^
180

„, Ko «, v., T»r m .U «; «. « "»
"J

01
" " W"

195

t , nu Tvr lie Leu Glu His Ala Arg Glu Leu

Gly Lys Tyr Arg Asn Leu Glu Tyr lie n ^
210

215

Pro
225

Leu

&cn Arq Glu Val Ala He
Gin Arg Val Arg Lys Ala Leu Leu Arg Asp Arg ^

230
" a

Ser Lys Lys Leu Ala Thr Leu Val Thr Asn Ala Pro Val Glu Val

245
250

255

Mp „ «. «u Me, TV, W «Y *r -» « « K «
260

m oho Ha Ser He Met Lys Glu Leu Gin

Pro lie Leu Lys Glu Leu Glu Phe Ala Ser ^
_ — ~ 2 B 0

~w m« Tvr Glu He Val Lys Asp His

Leu Tyr Glu Glu Ala Glu Pro Thr Gly Tyr Glu 1^
290

295

Lya Thr Phe Glu Asp Leu Xle Glu Lys Leu Lys Glu Val Pro Ser Phe

305
310

0l» Thr Ser Ser Leu Asp Pro Phe Asn Cys Glu He

330Ala Leu Asp Leu

Val Gly He Ser
340

325

val Ser Phe Lys Pro Lys Thr Ala Tyr Tyr He Pro

345

Leu
nor, clu Thr Leu Val Leu Ser

His His Arg Asn Ala His Asn Leu Asp Glu ^w 360

, * ~ om ser Ser Lys He Val Gly Gin

Glu He Leu Glu Asp Pro Ser ser uy^
Lys Leu Lys

370

Asn Leu Lys Tyr

385

Asp Tyr Lys Val Leu Met Val Lys Gly He Ser Pro

390
39
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Val Tyr Pro His

Asn Glu Lys Lys
420

Tyr Lys Met Thr
435

Phe Asp Thr Met

405

Phe Asn Leu Glu

-39-

Ile Ala Ala Tyr

410

Asp Leu Ser Leu

425

Leu Leu Glu Pro

415

Lys Phe Leu Gly
430
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What Is Claimed Is:

1. A substantially pure Thermotoga neapolitana (Tne) DNA

polymerase having a molecular weight of about 100 kilodaltons, or fragments

thereof.

2. The DNA polymerase of claim 1, which is isolated from

Thermotoga neapolitana.

3. The DNA polymerase of claim 2, which is isolated from

Thermotoga neapolitana DSM 5068.

4. An isolated DNA molecule comprising a gene encoding a Tne

DNA polymerase having a molecular weight ofabout 100 kilodaltons.

5. An isolatedDNA molecule ofclaim 4, wherein the gene is modified

to reduce 3 '-5' exo activity.

6. The isolated DNA molecule of claim 4, wherein the promoter of

1 5 said gene is an inducible promoter.

7. The isolated DNA molecule of claim 6, wherein said inducible

promoter is selected from the group consisting of a X-PL promoter, a tac

promoter, a trp promoter, and a trc promoter.

8. A recombinant host comprising a gene encoding Tne DNA

20 polymerase having a molecular weight of 100 kilodaltons.

9. The recombinant host of claim 8, wherein said gene is obtained

from Thermotoga neapolitana.
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1 0. The recombinant host of claim 9, wherein said gene is obtained

from Thermotoga neapolitana DSM 5068.

1 1 . The recombinant host ofclaim 8, wherein said host is prokaryotic.

12. The recombinant host ofclaim 1 1 , wherein said host is E. coli.

5 13. A method of producing a TneDNA polymerase having a molecular

weight ofabout 100 kilodaltons, said method comprising:

(a) culturing a cellular host comprising a gene encoding said

DNA polymerase;

(b) expressing said gene; and

1 o (c) isolating said DNA polymerase from said host.

14. The method of claim 13, wherein said host is a eukaryotic host.

1 5 . The method of claim 1 3, wherein said host is a prokaryotic host.

16. The method ofclaim 1 5, wherein said prokaryotic host is E. coli.

17. A method of synthesizing a double-stranded DNA molecule

IS comprising:
*

(a) hybridizing a primer to a first DNA molecule; and

(b) incubating said DNA molecule of step (a) in the presence

of one or more deoxyribonucleoside triphosphates and Tne DNA polymerase

having a molecular weight of about 100 kilodaltons, under conditions sufficient

20 to synthesize a second DNA molecule complementary to all or a portion of said

first DNA molecule.

1 8. The method ofclaim 17, wherein said DNA polymerase is isolated

from Thermotoga neapolitana.
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,9. r*m^****^* a«Kr*pmm * k*m>

from Themotoga neapoltlam. DSM 5068.

Hie method ofclaim 17, wherein said DNA polymers is isoUttd

from ar^bnwu host expressing a gen. encoding sadDNAp*«~
20.

21. The method of claim 20, wherein said host is a eukaryotic host.

22 . The method of claim 20, wherein said host is a prokaryotic host.

23 . The method of claim 22, wherein said prokaryotic host is E. coll

24 The method of claim 17, wherein said deoxyribonucleoside

triphosphates are selected from the group consisting

OT. dTTP, 7-deaza-dGTP, dUTP, ddATP, ddCTP. ddGTP. ddlTP, ddTTP,

[aSldATP, [aS]dTTP, [«S]dGTP, and [oS]dCTP.

25 . The method of claim 24, wherein one or more of said

deoxyribonucleoside triphosphates are detectably labeled.

from the group consisting of a radioactive isotope, a fluore^ent label, a

cherniluminescent label, a bioluminescent label, and an enzyme label.

27
AmethodofsequencingaDNAmoleculccomprising:

(a) hybridizing a primer to a first DNA molecule;

(b) contacting said DNA molecule of step (a) wUh

deoxyribonucleoside triphosphates, Tne DNA polymerase having a molecular

weight of about 100 kilodaltons," and a terminator nucleotide;
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(c) incubating the mixture of step (b) under conditions

sufficient to synthesize a random population ofDNA molecules complementary

to said first DNA molecule,

wherein said synthesized DNA molecules are shorter in length than said first DNA

molecule and wherein said synthesized DNA molecules comprise a terminator

nucleotide at their 5' termini; and (d) separating said synthesized DNA molecules
*

by size so that at least a part of the nucleotide sequence of said first DNA

molecule can be determined.

10

28. The method of claim 27, wherein said terminator nucleotide is

ddTTP.

15

29. The method of claim 27, wherein said terminator nucleotide is

ddATP.

30. The method of claim 27, wherein said terminator nucleotide is

ddGTR

31. The method of claim 27, wherein said terminator nucleotide is

ddCTP.

32. The method ofclaim 27, wherein said DNA polymerase is isolated

from Thermotoga neapolitana.

20

33 . The method ofclaim 32, wherein said DNA polymerase is isolated

from Thermotoga neapolitana DSM 5068.

34. The method ofclaim 27, wherein said DNA polymerase is isolated

from a recombinant host expressing a gene encoding said DNA polymerase.
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,5. The method of claim 27, wherein one or more of sad

deoxyribonucteoside triphosphates is detect labeled.

triphosphate is [ct
J5S]dATP.

,7. A method for amplifying a double stranded DNA molecule,^ „ ^ding a fti and —d primer, .herein s*d firs.

is complement*, «o ase^nc a. o, near the ,
«» «««-

^dDNALta* and^d second primer is complement- »
«

or near the 3'-termiiu of the second strand of said DNA molecule;

m hybridizing s»d firs, primer to sad firs, s^dandsad

. .rimer to s»d s«ond strand in ihe presence of Tne DNA polymerase

x ~:a firct ctrand and a fourth DNA
third DNA molecule complementary to said first strand ana

molecule complementary to said second strand are synthesized;

15

(c) denaturingsaid first and third strand, and sad second and

20

(C) uwiaiui"*©—

fourth s^ds with heat; and (d) rating (a) . «) on. or more umes

38.
Th.,»^ofcl»37,wh^-DNA Polym^isiso

ta«d

from Thermotoga neapolitana.

3,. Ttam^ofcUim38
,wh=reinsaidDNApolym««eisisola.«i

from Ihemoaga neapolitana DSM 5068.

40 ltemeu^ofc*37,Wher*»dDNA I
K.K1ne,aseisiso..,«i

from . recombu-n, host expressing a gene encodmg sad
DNA Porymer^e.

41. A kit for sequencing aDNA molecule, comprising:
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(a) a first container means comprising a Tne DNA polymerase

having a molecular weight of about 100 kilodaltons;

(b) a second container means comprising one or more

dideoxyribonucleoside triphosphates; and

S (c) a third container means comprising one or more

deoxyribonucleoside triphosphates.

42. The kit ofclaim 41, wherein said DNA polymerase is isolated from

Thermotoga neapolitana.
*

43 . The kit ofclaim 42, wherein said DNA polymerase is isolated from

10 Thermotoga neapolitana DSM S068

.

44 . The kit ofclaim 4 1 , wherein said DNA polymerase is isolated from

a recombinant host expressing a gene encoding said DNA polymerase.

45. A kit for amplifying a DNA molecule, comprising:

(a) a first container means comprising a Tne DNA polymerase

15 having a molecular weight of about 100 kilodaltons; and

(b) a second container means comprising one or more

deoxyribonucleoside triphosphates.

46. The kit ofclaim 45, wherein said DNA polymerase is isolated from

Thermotoga neapolitana.

20 47. The kit ofclaim 46, wherein said DNA polymerase is isolated from

Thermotoga neapolitana DSM 5068.

48 . The kit of claim 45, wherein said DNA polymerase is isolated from

a recombinant host expressing a gene encoding said DNA polymerase.
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49., A mmm n°n«»w^'"^ DNA ^i™"*^ "

• •J.aed from the group consisting of0) a first nutation that

least one mutation selected from tne group

,. . „ e»onudease activity of said DNA
substantially reduces or eummues 3 -5 «onucl

(2) . s«ond muuuon
** substantia reduces or4— 5

3

HL- activity of said DNA polymer; and (3) a third muutionm the O

discrimmating aganst
dideoxynucleotides. or fragments thereof.

50 Then^T^^^^™^'^*^
m cUim 49, wherein said third nation is a Phe«'-Ty" substitution.

in cUim 49, wherein said firs, mutant is a Asp'»-Ala" subsftution.

52
mmu^^^^^DNApo.ymerase^c^

in claim 49, whereto said mutant polyomas, comprises both a Phe - jr

substitution and a Asp*
1 - Ala" substitution

53 Therr^J*^^^^^*^
m cUim 49, said_ polymerase is devoid ofthe N-

terminal 5-3

exonuclease domain.

54 Tto-^B-^-'M'-™*^"*^
in cUim 53, wherein sad mount polymer is devoid of the 2.9HOT*

amino Kids of Themotoga neapollmm
DNA polymerase

55
Misola.^DNAmc4ecul.comprWnB.DNAsequence«

Kom»g

or— 3-5-— activity—
ta tha, subs***

«*—**-»'-''—*"^
25 mutation
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t

DNA polymerase; and (3) a third mutation in the O helix of said DNA polymerase

resulting in said DNA polymerase becoming non-discriminating against

dideoxynucleotides, or fragments thereof.

56. The isolated DNA molecule as claimed in claim 55, wherein said

5 DNA molecule is selected from the group consisting ofpTrcTne35, pTrcTneFY,

pTrcTne35FY, and pTTQTne535FY.

57. The isolated DNA molecule as claimed in claim 55, wherein said

DNA molecule further comprises expression control elements.

58. The isolated DNA molecule as claimed in claim 57, wherein said

10 expression control elements comprise an inducible promoter selected from the

group consisting of APL promoter, a tac promoter, a trp promoter, and a trc

promoter.

59. A recombinant host comprising a DNA sequence encoding a

mutant Thermotoga neapolitana DNA polymerase having at least one mutation

selected from the group consisting of (1) a first mutation that substantially reduces

or eliminates 3 '-5' exonuclease activity of said DNA polymerase; (2) a second

mutation that substantially reduces or eliminates 5'-3' exonuclease activity of said

DNA polymerase; and (3) a third mutation in the 0 helix of said DNA polymerase

resulting in said DNA polymerase becoming non-discriminating against

dideoxynucleotides, or fragments thereof.

60. A method of producing a Tne DNA polymerase, said method

comprising:

(a) culturing a cellular host comprising a gene encoding a mutant

Thermotoga neapolitana DNA polymerase having at least one mutation selected

25 from the group consisting of (1) a first mutation that substantially reduces or

eliminates 3 '-5' exonuclease activity of said DNA polymerase; (2) a second

15

20
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r _„.<w. «'»»' Monuclease activity of said

DNA poTO and (,) . third mutanon m the O helix of said DNA polymerase

resulting in s*d DNA polymerase becommg non^isc—g ag»s.

dMeoxyuucleotides, or fragments of said mutantAM
polymerase;

(b) expressing said gene; and

(c) isolating said mutant Themotoga neapolitana DNA

polymerase from said host.

61 . The method of producing a Thermotoga mapolitana DNA

claimed in claim 60, wherein said host is E. coli.

10 polymerase as

62.

comprising:

A method of synthesizing . double-aranded DNA molecule,

(a) hybridizing a primer to a firstDNA molecule; and

(b) incubating said DNA molecule of step (a) in the presence

of «. or more deoxyribonucleoside triphoshates and a mutant I****.

DNA polymerase tmder conditions suffix to synthes^e a se»nd

Zmoleculecomp.™ to a« or a portion of said firs, DNA molecules,

""""lid muunt >#« DNA poly"™" has a.k« one

nation selected trom the grcp consisting of «.) a

suhstan-y reduces or ehnunates 3-5' exonudease «•* *-
^mX; <2) a second muurion that—W»*~ or eununat* 3-

J

ITudeas. a«iv*y of sad DNA polymerase; at* (« >«* mutton ,n the O

hefc of said DNA polyr-erase resuhing in said DNA polymerase becommg non-

discriminating agans. dideoxynueleotides, or fragments thereof.

« The method of synthesizing a double-stranded DNA molecule as

^ „'c*m 62, where* said deoxyribonucleoside
triphosphates are select

from the group coraisung of. dATP, dCTP. dGIP, dTTP, d.TP, 7*-«IF.
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dUTP, ddATP, ddCTP, ddGTP, ddlTP, ddTTP, [aSJdATP, [aSJdTTP,

[aS]dGTP, and [ccSJdCTP.

64. The method of synthesizing a double-stranded DNA molecule as

claimed in claim 63, wherein one or more of said deoxyribonucleoside

5 triphosphates are detectably labelled.

65. The method of synthesizing a double-stranded DNA molecule as

claimed in claim 64, wherein said label is selected from the group consisting ofa

radioactive isotape, a fluorescent label, a chemiluminessant label, a bioluminescent

label, and an enyzme label.

10 66. A method of sequencing a DNA molecule, comprising:

(a) hybridizing a primer to a first DNA molecule;

(b) contacting said DNA molecule of step (a) with

deoxyribonucleoside triphosphates, a mutant Thermotoga neapolitana DNA

polymerase, and a terminator nucleotide;

15 (c) incubating the mixture of step (b) under conditions

sufficient to synthesize a random population ofDNA molecules complementary

to said first DNA molecule;

wherein said synthesized DNA molecules are shorter in length than said

first DNA molecule and wherein said synthesized DNA molecules comprise a
*

20 terminator nucleotide at their 5' termini; and

(d) separating said synthesized DNA molecules by size so that at

least a part of the nucleotide sequence of said first DNA molecule can be

determined.

wherein said mutant Thermotoga neapolitana DNA polymerase has at

25 least one mutation selected from the group consisting of (1) a first mutation that

substantially reduces or eliminates 3 '-5' exonuclease activity of said DNA

polymerase; (2) a second mutation that substantially reduces or eliminates 5'-3'

exonuclease activity of said DNA polymerase; and (3) a third mutation in the 0
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68

ofm DNA poi^neraseMM,* said DNA polymerase becoming no„-

discriminating«M dideoiynucleotides, or fragments thereof

67
mm^^ng.DNAmole^^c^eoincUirn^^

wherein »d terminer nudeotide is sd«ted .on, the group coning of

diTTP, idATP, ddGTP, and ddCTP.

A method for amplifying . *-*—« DNA m^>'-

**** —

"

-4 firar;
b oompiemeury to a s=ouen« a, or near the r-termini— firs.«d--
DNA liecuie.m second primer * »- ' ""

^S^of^^^ofsaidDNA^e
ft) hybridizing said first primer to said first strand ana

,„ s»d second str^d in the preser*. of . Ito~»J>

L^^.fb»r«nDNAnW>ea..econ1p1«nen^.os,d second strcnd

"•^-"*
W de^turing said firs, and second and said second and

fourth strands with heat; and

(d) repeating steps (a) to (c) one or more times,

wherCin:
, tvma ooivmerase has at least one

said mutant Themotoga neapohtana DNA polymer

. . «f n\ a first mutation that

mot«i„„ selecKd from the group consrsung of (!) . «
.ostant* reduces or e^nates 3-5'— ™

« .s^—on« substantia,., reduces or« 5 J

ac«, of said DNA poiymerase; and P) a*-— " *« °

lofs.dDNAp.^r^gmsaidDNApo^^ngno,

discrirninating against dideoxynucleotides.

69. A kit for sequencing a DNA molecule, comprising:
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(a) a first container means comprising a mutant Thermotoga

neapolitana DNA polymerase;

(b) a second container means comprising one or more

dideoxyribonucleoside triphosphates; and

5 (c) a third container means comprising one or more

deoxyribonucleoside triphosphates,

wherein:

said mutant Thermotoga neapolitana DNA polymerase has at least one

mutation selected from the group consisting of (1) a first mutation that

10 substantially reduces or eliminates 3'-5' exonuclease activity of said DNA

polymerase; (2) a second mutation that substantially reduces or eliminates 5 '-3'

exonuclease activity of said DNA polymerase; and (3) a third mutation in the 0

helix of said DNA polymerase resulting in said DNA polymerase becoming non-

discriminating against dideoxynucleotides.

15 70. A kit for amplifying a DNA molecule, comprising:

(a) a first container means comprising a mutant Thermotoga

neapolitana DNA polymerase; and

(b) a second container means comprising one or more

deoxyribonucleoside triphosphates,

20 wherein:

said mutant Thermotoga neapolitana DNA polymerase has at least one

mutation selected from the group consisting of (1) a first mutation that

substantially reduces or eliminates 3 '-5' exonuclease activity of said DNA

polymerase; (2) a second mutation that substantially reduces or eliminates 5 '-3'

25 exonuclease activity of said DNA polymerase; and (3) a third mutation in the O

helix of said DNA polymerase resulting in said DNA polymerase becoming non-

discriminating against dideoxynucleotides.
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BamH I

1 GGATCCAGAC TGGTGGATCG TCAGTGCGGA TTATTCCCAA ATACAACTCA GAATCCTCGC

GSR LVD RQCG LFP NRT QNPC
DPD WWI VSA DYSQ IEL RIL

I Q TGGS SVR IIP K-NS ESS

61 TCATCTCAGT GGTGATGAGA ACCTTGTGAA GGCCTTGGAG GAGGGCATCG ATGTGCACAC

SSQ W- - E P C E GLR GGH RCAH
-"~A HLS GOE NLV KAFE EGI OVH

LIS VVMR TL - RPS RRASMCT

121 CTTGACTGCC TCCAGGATCT ACAACGTAAA GCCAGAAGAA GTGAACGAAG AAATGCGACG

LOC LQO LQRK ARR SER RNAT
-*-T LTA SRI YNV KPEE VNE EMR

P-LPPGSTT - SOKK-TKKCD
181 GGTTGGAAAG ATGGTGAACT TCTCTATAAT ATACGGTGTC ACACCGTACG GTCTTTCTGT

GWKDGE LLYN IRC HTV RSFC
_»^R V G K M V N ©S I I Y G V T P Y G L S

CLE RW-TSL - YTV SHRT VFL

241 GAGACTTGGA ATACCGGTTA AAGAAGCAGA AAAGATGATT ATCAGCTATT TCACACTGTA

ETW NTG - RSR KDD YQL FHTV
-*~V RLG IPV KEA E K M I ISY FTL

- D L EYRL KKQ KR - LSAI SHC

301 TCCAAAGGTG CGAAGCTACA TCCAGCAGGT TGTTGCAGAG GCAAAAGAGA AGGGCTACGT

SKG AKL HPAG CCR GKR EGLR
-~-Y PKV RSY IQQ VVAE AKE KGY

I Q R CEAT SSR LLQ ROKR RAT

361 CAGGACTCTC TTTGGAAGM AAAGAGATAT TCCCCAGCTC ATGGCAAGGG ACAAGAACAC

QOS LWK KKRY SPA HGK GQEH
-•V RTL FGR KRD IPQL MAR DKN

SGL SLEE K E I FPS SWQG TRT

421 CCAGTCCGAA GGCGAAAGAA TCGCAATAAA CACCCCCATT CAGGGAACTG CGGCAGATAT

PVR RRK NRNK HPH SGN CGRY
-•-T QSE GER 1AI NTPI QGT A A D

PSP KAKE SQ - TPP FREL RQI

FIG.5A

SUBSTITUTE SHEET (RULE 26)
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481 AATAAAATTG GCTATGATAG ATATAGACGA GGAGCTGAGA AAAAGAAACA TGAAATCCAG

N K I GYD RYRR G A E K K K H E I Q

I K L AMI DID EELR KRN II K S

--N I L - • !-T RS - EKET - NP

541 AATGATCATT CAGGTTCATG ACGAACTGGT CTTCGAGGTT CCCGATGAGG AAAAAGAAGA

NDH SGS - RTG LRG SR - GKRR
-•-R MM QVH DEL VFEV PDE EKE

E-S FRFM TNW SSR FPMR KKK

601 ACTAGTTGAT CTGGTGAAGA ACAAAATGAC AAATGTGGTG AAACTCTCTG TGCCTCTTCA

T S - SGE EONO KCG ETL C A S -

-*-E LVD LVK NKM TNVV KLS VPL
N-LIW-RTK-QMW-NSL CLL

661 GGTTGACATA AGGATGGGAA AAAGCTGGTC TTGA

G-H KHR KKLV L

—»-E VOI SIG KSWS -

R L T - A S E K A G L

FIG.5B

SUBSTITUTE SHEET (RULE 26)
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BanHI

BanHI

Hindi II

1. DIGEST WITH BanHI
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• FRAGMENT

»*I tphl

EcoJZliL LIGATE

BanHI
Hpal

BanHI
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1 . DIGEST WITH BanHI

2. ISOLATE THE SMALLEST

FRAGMENT

JanHI
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~
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655506

Publication
. dale

12-10^95
28-04-92
13-04-95

28-04-92

29-03-92
29-03-92

14-07-93
14-07-93
19-05-94
16-04-92
14-11-95

12-10-95

28-04-92
29-03-92

14-07-93
11-04-95
14-11-95
03-10-95
13-04-95

28-04-92

29-03-92

14-07-93

19-05-94

16-04-92

20-12-94

13- 10-94

17-03-92

14-02-92
16-12-93
09-06-93
13-06-95
22-11-95
06-01-94
30-05-95

19-10-95
19-10-95
28-09-95
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